Summary -Hemicycliophora presently contains 132 valid species of sheath nematodes. Within several samples obtained from surveys in Canada, South Africa, Spain and the USA, we distinguished six valid and six putative unidentified species by integrating the results of morphological and molecular analyses. Valid species included: H. californica, H. gracilis, H. parvana, H. poranga, H. raskii, and H. signata. The putative unidentified species were indicated as Hemicycliophora sp. 10, sp. 12, sp. 15, sp. 16, sp. 17, and sp. 18. Two new species of sheath nematodes from Spain and the USA were described and named as H. onubensis sp. n. and H. robbinsi sp. n., respectively. Hemicycliophora wyei is proposed as a junior synonym of H. parvana and H. ripa is proposed as a junior synonym of H. poranga. Eighteen valid and 13 unidentified species of sheath nematodes were characterised using the partial COI mtDNA gene. A total of 94 new sequences of which 77 were for the COI mtDNA gene were obtained in this study. Phylogenetic relationships within Hemicycliophora, using the D2-D3 expansion segments of 28S rDNA, ITS rRNA and COI gene sequences, are presented as inferred from Bayesian analysis.
Presently, Hemicycliophora contains 132 valid species of sheath nematodes . These nematodes are obligate ectoparasites of plants and inhabit moist soils. They are widely, although not uniformly, distributed throughout the world. Several Hemi-timely identification of these plant-parasitic nematodes is a prerequisite for the selection of effective control management strategies . Recently, a comprehensive study with characterisations of 20 known and 14 putative species, using morphology, nuclear ribosomal RNA gene sequences and PCR-ITS-RFLP profiles, has provided a molecular guide for identification of this nematode group .
Nematological surveys conducted during 2014-2017 in Canada, South Africa, Spain and the USA, resulted in the collection of several soil samples containing sheath nematodes. The main aim of the present study was to characterise sheath nematodes from the new and previous collections. In this manuscript we provide: i) descriptions of two new species that were partly characterised in our previous study ; ii) a revision of the taxonomic status and morphological descriptions of some known species; iii) testing of the DNA barcoding approach with partial COI mtDNA gene sequences for identification; iv) molecular characterisation of some newly obtained populations of Hemicycliophora using sequences of the D2-D3 expansion segments of 28S rRNA, ITS of the rRNA, and COI genes; and v) a study of phylogenetic relationships within Hemicycliophora species using rRNA and COI gene sequences.
Materials and methods

TAXONOMIC SAMPLINGS AND MORPHOLOGICAL
STUDIES
Nematode populations used in this study were obtained from several sources and geographical areas (Table 1). Specimens were extracted from soil samples using a centrifugal flotation method (Coolen, 1979) . Specimens for light microscopy were killed by gentle heat, fixed in a solution of 4% formaldehyde + 1% propionic acid and or FPG (Netscher & Seinhorst, 1969) and temporarily mounted in 4% formalin or processed to pure glycerin using Seinhorst's (1962 Seinhorst's ( , 1966 or De Grisse's (1969) methods and mounted on permanent slides. Nematode specimens were examined, measured and photographed in three laboratories (ARC-PPR, South Africa; IAS-CSIC, Spain, and CDFA, USA) using compound microscopes equipped with differential interference contrast.
For scanning electron microscope (SEM) studies, fixed specimens were dehydrated in a graded ethanol series, critical point-dried, sputter-coated with gold, observed and photographed with a Carl Zeiss Merlin Field Emission Scanning Electron Microscope (FE-SEM) at the University of Jaen, Spain (Abolafia et al., 2002) , and a FEI Quanta FEG 250 in North West University, South Africa (Van den Berg et al., 2015) .
Species delimitation of Hemicycliophora was performed using an integrated approach that considered morphological and morphometric evaluation combined with molecular criteria based on phylogenetic inference and sequence analyses as in the previous study .
DNA EXTRACTION, PCR, SEQUENCING AND PHYLOGENETIC ANALYSIS
For molecular analyses, nematode DNA from Hemicycliophora samples was extracted from single or several individuals using proteinase K as described by Castillo et al. (2003) . PCR and sequencing were completed in two laboratories: IAS-CSIC, Spain, and CDFA, USA. All detailed protocols were described by Castillo et al. (2003) and Tanha Maafi et al. (2003) , respectively. The forward D2A (5 ′ -ACA AGT ACC GTG AGG GAA AGT TG-3 ′ ) and the reverse D3B (5 ′ -TCG GAA GGA ACC AGC TAC TA-3 ′ ) primers (Subbotin et al., 2006) amplifying the D2-D3 expansion segments of 28S rRNA gene, the forward primer TW81 (5 ′ -GTT TCC GTA GGT GAA CCT GC-3 ′ ) and the reverse AB28 (5 ′ -ATA TGC TTA AGT TCA GCG GGT-3 ′ ) primers (Curran et al., 1994) amplifying the ITS1-5.8S-ITS2 of rRNA gene and the forward COIF5 (5 ′ -AAT WTW GGT GTT GGA ACT TCT TGA AC-3 ′ ) and the reverse COIR9 (5 ′ -CTT AAA ACA TAA TGR AAA TGW GCW ACW ACA TAA TAA GTA TC-3 ′ ) primers (Powers et al., 2014) amplifying the partial COI gene were used in the present study. The PCR products were directly sequenced or cloned into the pGEM-T vector and transformed into JM109 High Efficiency Competent Cells (Promega). PCR products from each clone were then sequenced in both directions. Sequencing was conducted at Quintara Biosciences. The new sequences were submitted to the GenBank database under the accession numbers: MG019814-MG019907, as indicated in Table 1 and the phylogenetic trees.
The newly obtained sequences of the D2-D3 of 28S rRNA gene, the ITS rRNA gene and the COI gene were aligned using ClustalX 1.83 (Thompson et al., 1997) with default parameters, with corresponding pub- 
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Vol. 00(0), 2018 (Subbotin et al., 2005 Van den Berg et al., 2010; Cordero López et al., 2013; Powers et al., 2014; Ma & Agudelo, 2015; Zeng et al., 2015) . Outgroup taxa for each dataset were chosen as shown in the previous study . Three alignments were generated: i) D2-D3 of 28S rRNA gene sequence alignment; ii) ITS rRNA gene sequence alignment; and iii) COI gene sequence alignment. The alignments were analysed with Bayesian inference (BI) using MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003) and subsequently with PAUP* 4.0b 10 (Swofford, 2003) , as described by Subbotin et al. (2014) .
Results
SPECIES IDENTIFICATION AND DELIMITATION
Within the new samples (Table 1) , using traditional morphological taxonomic characters integrated with molecular criteria, we distinguished six valid species: H. californica Brzeski, 1974 , H. gracilis Thorne, 1955 , H. parvana, H. poranga, H. raskii Brzeski, 1974 , and H. signata Orton Williams, 1978 , and six putative unidentified species: Hemicycliophora sp. 10, sp. 12, sp. 15, sp. 16, sp. 17, and sp. 18 . This morphological and molecular study also clarified the taxonomic status of the sheath nematode populations examined in previous works conducted by Van den Berg (1981 ), Cordero López et al. (2013 and Subbotin et al. (2014) . Two species previously characterised and misidentified as H. ripa Van den Berg, 1981 by Subbotin et al. (2014) and H. pruni Kirjanova & Shagalina, 1974 by Cordero López et al. (2013 are described here as new and named H. onubensis sp. n. and H. robbinsi sp. n., respectively. The latter, H. robbinsi sp. n., is conspecific with the undetermined populations of Hemicycliophora sp. 4 characterised by Subbotin et al. (2014) because they share the same morphological and molecular characters. Two species previously characterised by Subbotin et al. (2014) and described by Van den Berg (1981) as H. ripa and by Cordero López et al. (2013) as H. wyei are considered to be junior synonyms of H. poranga and H. parvana, respectively. These taxonomic changes are described in detail in the sections that follow. Subbotin et al., 2014) This nematode was first found in Moguer, Huelva province, southern Spain, and later identified as H. ripa Van den Berg, 1981 , a species described in South Africa and considered in this paper as a junior synonym of H. poranga Monteiro & Lordello, 1978 . Further analysis and comparisons of Spanish specimens with those from South Africa showed that this nematode can be considered as a new species, described herein as H. onubensis sp. n.
MEASUREMENTS
See Table 2 .
DESCRIPTION
Female
Body straight or slightly ventrally arcuate. Annuli rounded and with ornamentation appearing as small blocks inside annuli. Cuticular sheath somewhat detached from inner cuticle, distinctly detached in pharyngeal and tail regions. Lip region following contour of body, not offset, rounded, with two annuli and a slightly elevated labial disc, 7.7 ± 0.6 (7.0-8.0) µm wide, body annuli more than 240. Lip patterns, as observed with SEM, consisting of a slightly ovoid labial plate or first lip annulus of larger diam. than second. First lip annulus with a slightly elevated and rectangular labial (= oral) disc showing in some specimens a slit like-stoma. Labial disc dorsoventrally orientated, flanked by large and crescent-shaped amphids. Lateral lip sectors fused with dorsal and ventral lip sectors that are partially fused with labial disc. Pseudolips not observed. Pattern of lateral fields marked by anastomoses or breaks. In SEM view, two longitudinal ridges apparent in lateral field, but there is no demarcation of lines. Stylet slightly curved and flexible, with rounded knobs, slightly directed posteriorly with a small cavity present. Excretory pore posterior to pharyngeal basal gland. Vulva closed with modified lips, anterior and posterior vulval lips elongated, vulval sleeve long, spermatheca rounded 
DIAGNOSIS AND RELATIONSHIPS
Hemicycliophora onubensis sp. n. is characterised by a lip region following the contour of the body, not offset, rounded, with two annuli and slightly elevated labial disc. Lateral fields marked by breaks or anastomoses. Body annuli rounded and with ornamentation appearing as small blocks inside annuli. Stylet curved and flexible with rounded, slightly posteriorly directed knobs with a small cavity. Excretory pore posterior to pharyngeal basal gland. Vulva with anterior and posterior lips modified and vulval sleeve long. Tail elongated distally spicate, offset, on spicate part the outer cuticle sometimes bearing fine and regular striae.
Hemicycliophora onubensis sp. n. resembles H. monticola Mehta, Raski & Valenzuela, 1983 , H. thienemanni (Schneider, 1925) Loos, 1948, H. thornei Goodey, 1963, and H. peca Van den Berg, 1987a amongst those species with elongate tail with spicate, offset and narrower elongate distal portion, but differs from H. monticola and H. thienemanni by the cuticular sheath (loosely fitting body vs closely adpressed to body) and mean c ratio (10.2-11.6 vs 6.8-8.5 and 8.5-10, respectively). It further differs from H. monticola by lateral field pattern (frequent breaks or anastomoses vs occasional irregularities or anastomoses), number of labial annuli (two vs three), body annuli pattern (numerous lines forming small blocks ornamenting annuli vs few lines on annuli), and labial disc (slightly elevated vs protruded). It further differs from H. thienemanni by stylet cavity (small vs moderate to large), and males (absent vs present), and from H. thornei by body annuli pattern (numerous lines forming small blocks ornamenting annuli vs few lines on annuli), mean c ratio (10.2-11.6 vs 9.0-10.1), vulval sleeve length (1 to <2 annuli vs <1 annulus), and males absent vs present. It differs from H. peca by stylet cavity (small vs large), mean body length (971-976 vs 1122 µm), mean c ratio (10.2-11.6 vs 6.8-8.5), and males absent vs present.
Hemicycliophora onubensis sp. n. differs from H. poranga by tail shape (elongated, distally spicate, offset vs narrowing gradually to a sharply pointed tip), RV(ant) = 193 (176-218) vs 246 (235-266), and Rex = 45 (41-55) vs 62 (59-67).
MOLECULAR CHARACTERISATION
Intraspecific variations of the ITS rRNA and the D2-D3 28S rRNA genes of H. onubensis sp. n. were 1.6% (12 bp) and 0.4% (3 bp), respectively. Sequences of the ITS and the D2-D3 28S rRNA genes of H. onubensis sp. n. differed from those of Hemicycliophora sp. 7 by 3.3-3.4% (24-25 bp) and 1.0-1.3% (7-8 bp) and from those of H. thornei by 5.7-5.9% (38-41 bp) and 1.3-1.4% (8-9 bp), respectively. The sequence of the COI gene differed from that of H. hellenica by 7.7% (55 bp).
POLYTOMOUS KEY CODE
According to the polytomous key of , the new species has the following specific alphanumeric codes: A4, B2, C3, D1, E12, F1, G3, H1, I2, J2, K3, L3, M2, N1, O2, P1, Q23, R1, S2, T2, U3, V2, W1, X1. & Shagalina, 1974. Subsequently, additional sheath nematode populations from grasses in samples from California, Florida, North Carolina and Texas were collected and characterised by Subbotin et al. (2014) who indicated them to be an unidentified species, Hemicycliophora sp. 4. Further analyses conducted in this study revealed that both populations belong to a new species that is described herein as H. robbinsi sp. n. The specimens used for this formal description came from a shipment of ornamental palms imported into California from Fort Lauderdale, FL, USA.
MEASUREMENTS
See Table 3 in the present article, Table 5 in Cordero López et al. (2013) .
DESCRIPTION
Female
Body straight or slightly arcuate ventrally. Cuticular sheath loosely fitting opposite pharyngeal area and especially over tail area. Lateral field consisting of breaks and irregularities in striae, anastomoses throughout body, sometimes with a central longitudinal line, annuli outside lateral field coarse or smooth, several anastomoses observed in anterior body region. Lip region broadly rounded or rectangular to truncate, flattened anteriorly, not set off with two or three faint annuli. Labial disc slightly raised or not at all. Labial framework moderately sclerotised. Stylet long, slender, straight to slightly curved dorsad. Stylet knobs sloping anteriorly, rounded posteriorly with a large cavity. Opening of dorsal pharyngeal gland seen in most specimens. Hemizonid one or two annuli long, situated from one annulus anterior to five annuli posterior to excretory pore. Hemizonion not seen. Excretory pore situated from one annulus anterior to six annuli posterior to base of pharynx. Annuli mostly slightly rounded on body, smaller on tail continuing around tail terminus. Spermatheca indistinct, when seen it is small, round and empty. Anus distinct. Vulval lips modified, about one annulus long and vulval sheath 1-2 annuli long. Body posterior to vulva gradually narrowing to about last quarter then narrowing more rapidly to a finely rounded, or sometimes slightly wider, rounded tip.
Male and juvenile
Not found.
TYPE HOST AND LOCALITY
Specimens used for the description of the species were extracted from the rhizosphere of containerised Phoenix roebelenii O'Brien plants imported from Fort Lauderdale, FL, USA, into California, USA. The presence of roots of unknown grasses in the containers cannot be excluded.
OTHER HOSTS
Borrichia sp., Cynodon sp. and turf grasses . It seems that grasses are the preferred hosts of this species since their roots were always associated with the sampled plants.
TYPE MATERIAL
Holotype (slide UCDNC 5275) and two paratypes slides (UCDNC 5276, 5277) are deposited in the Nematological Collection of the University of California, Davis, CA, USA.
DIAGNOSIS AND RELATIONSHIPS
The new species is characterised by a straight or slightly ventrally arcuate body, annuli outside lateral field smooth, lateral field consisting of breaks and irregularities in striae, anastomoses throughout body, sometimes with a central longitudinal line, lip region with two or three faint annuli and broadly rounded or rectangular to truncate, labial disc slightly raised or not at all, stylet long, stylet knobs rounded posteriorly with a large cavity, vulval lips modified, body posterior to vulva gradually narrowing to about last quarter then narrowing more rapidly to a finely rounded tip.
Hemicycliophora robbinsi sp. n. is similar to H. pruni Kirjanova & Shagalina, 1974 , a species to which it had previously been assigned by Cordero López et al. (2013) . However, several characters differentiate the new species from H. pruni. It has a larger a ratio (22.3-33.2 vs 14.8-19.9), a slightly shorter stylet (72-97 vs 90-103 µm), lateral field consisting of breaks and irregularities in striae, and anastomoses vs lateral field marked by four longitudinal incisures located equidistant from each other.
The species is also similar to H. epicharoides Loof, 1968 Intraspecific variations of the ITS rRNA, the D2-D3 28S rRNA and the COI genes of H. robbinsi sp. n. were 0-1.5% (0-10 bp), 0-0.3% (0-2 bp) and 0-0.1% (0-3 bp), respectively. Sequences of the ITS, the D2-D3 28S rRNA and the COI genes of H. robbinsi sp. n. differed from those of Hemicycliophora sp. 11 by 2.1-3.8% (19-26 bp), 1.8-1.9% (12-13 bp) and 13.4-13.5% (97-98 bp), and from those of Hemicycliophora sp. 8 by 5.5-6.3% (37-43 bp), 1.9-2.4% (13-16 bp) and 12.9-13.0% (94-96 bp), respectively.
POLYTOMOUS KEY CODE
According to the polytomous key of , the new species has the following specific alphanumeric codes: A4; B2; C1; D1; E2,3; F1; G2; H1; I2; J2,3; K3; L3; M23; N1; O23; P1; Q12; R1,2; S3; T2; U3; V-; W1; X1, Y-. Tarjan This species was described from a fallow field possibly under rotation with celery, near Sanford, FL, USA. Tarjan (1952) distinguished H. parvana from all other species of the genus by characteristic subcircular "markings" or infoldings of the inner cuticular surface at the lateral fields. Additional populations of H. parvana, with similar markings of the lateral field, were later reported from different plant hosts in other locations in Florida and Texas (Brzeski, 1974) . These markings, although faintly visible, as well as breaks and anastomoses that were not originally reported, were observed in paratype specimens examined in this study. Tarjan (1952) also noted that "sometimes only longitudinal lines were visible in the lateral field." In 2013, Cordero López et al. (2013) described H. wyei from the rhizosphere of turfgrass, Wayne County, NC, USA. Later, this species was also found in several other locations in North Carolina, Florida and Texas Ma & Agudelo, 2015) . Further analysis of H. wyei females from these different locations showed lateral fields marked by breaks and anastomoses, and relatively often by a broken, irregular longitudinal line, sometimes with one or two additional outer, fairly distinct, irregular, offset, short, broken lines demarcating the lateral field, extending from the upper intestinal to vulval region. Sometimes, instead of the outer lines, two short, shadowy, often indistinct, narrow longitudinal ridges mark the pre-and post-vulval regions, which under SEM observation appear as two narrow rows of blocks bordering a wider central row of blocks . These blocks in LM photos (Fig. 3E in Cordero López et al. (2013) ; Fig. 2J in Subbotin et al. (2014) ) were similar to the subcircular infoldings or markings mentioned and drawn by Tarjan (1952) . Our analysis of H. parvana paratype females (Fig. 4) revealed significant morphological and morphometric similarity with the description of H. wyei. Furthermore, we consider the more or less frequent presence of longitudinal lines and breaks and anastomoses to be additional morphological variations of diverse populations of H. parvana and therefore we propose H. wyei as a junior synonym of H. parvana.
Hemicycliophora parvana
The specimens used for the redescription of H. parvana were collected from Paines Praire, FL, USA, located ca 80 miles north of the type locality of this species.
DESCRIPTION
Female (emended)
Body slightly arcuate ventrally. Cuticular sheath loosely fitting body, especially on tail. Lateral field appearing as a row of blocks sometimes forming one or two discontinuous lines. Inner surface of cuticle apparently infolded, forming thick ridges on inside of annuli and oval or subcircular markings in blocks of lateral field. This pattern continuing to ca vulval level where it disappears leaving postvulval area with fewer or no breaks and anastomoses than in pre-vulval area. Cuticle outside lateral field appearing smooth, without any markings. Lip region broadly continuous, rounded with two annuli. Labial disc only slightly to not protruding. Labial framework distinct. Stylet slender, straight or slightly curved dorsad. Stylet knobs sloping anteriorly, rounded posteriorly with large cavity. Opening of dorsal pharyngeal gland seen in most specimens. Hemizonid not distinct but where seen it is two annuli long and situated from three annuli to one annulus anterior to excretory pore. Hemizonion not seen. Sheath annuli mostly rounded. Anus distinct. Spermatheca mostly indistinct but where seen it is small, rounded to oblong and empty. Vulval lips ca one annulus long, vulval sheath ca two annuli long. Post-vulval part of body narrowing gradually to about last quarter where it narrows more, slightly more dorsally, to a narrow rounded tip, either with or without annuli. 
Male and juvenile
Not found. Tarjan (1952) indicated celery (Apium graveolens L.) as the type host of H. parvana because the population of the nematode that he studied survived on celery seedlings kept in pots. However, he did not provide any data on the nematode reproduction rate on this vegetable. The possibility that this nematode reproduces on this host cannot be excluded. However, we would like to point out that the population that Tarjan (1952) studied was collected in Sanford, Florida, USA, from a fallow field, such fields in Florida always being infested with grasses, especially Cynodon dactylon (L.) Pers. In this and a previous study , we collected populations of this nematode in sites located north and south from the type locality. In both sites, grasses were present and associated with broom sedge and peach trees, the plant hosts listed in Table 1 . These detections indicate that grasses are likely the preferred host of this species.
HOSTS
REMARKS
The present specimens compare very well with the description of the species by Tarjan (1952) and Brzeski (1974) . It is also very close to H. sturhani Loof, 1984 but differs mainly in having a looser sheath, especially on the tail, a longer vulval sheath, tail narrowing slightly more in the last quarter, and tail tip not so pointed.
POLYTOMOUS KEY CODE
A3; B347; C1; D1; E12; F12; G2; H1; I2; J23; K3; L3; M23; N12; O2; P1; Q12; R1; S23; T2; U23; V1; W1, X1, Y-. Van den Berg, 1981 syn. n. (Figs 6A, G; 7-9) Hemicycliophora poranga was described from the rhizosphere of cabbage from Brazil. Since its original description it has been reported from different hosts, including several agricultural crops, from Argentina, Iran, Venezuela and the USA (California) and also from Italy and Spain . In their monograph, stated that it is close to a few species with elongate, uniformly tapering tails with an acute terminus such as H. micoletzkyi Goffart, 1951 , H. ornamenta Bajaj, 1998 , H. ripa, and H. subaolica Jairajpuri & Baqri, 1973 . This species mainly differed from H. ripa in annuli markings, mean RV(ant) and number of lip annuli. Hemicycliophora ripa was originally described from South Africa from Schefflera sp. by Van den Berg (1981) and since then has been found regularly in South Africa from several different regions and host plants. Doucet (1982) described H. rionegrensis from grass in Argentina. Chaves (1983) , after studying a population from the same locality as that surveyed by Dr M. Doucet, synonymised H. rionegrensis with H. ripa and this synonymisation was confirmed in SEM studies by Van den Berg (1987b) .
Hemicycliophora poranga Monteiro & Lordello, 1978 = H. ripa
Recently, a soil sample from the rhizosphere of green peppers was received from a farm near Hekpoort, Gauteng Province, South Africa. Numerous females and juveniles were found and identified as H. ripa. This morphological identification, however, was not confirmed by the results of the molecular analyses of the specimens of this population because the D2-D3 of 28S rRNA gene sequence matched those of H. poranga. Subsequently, measurements were made and compared with those published for H. ripa and H. poranga. Morphologically, no differences were observed between the Hekpoort population of H. ripa and reported populations of H. poranga . For females of both species, annuli outside the lateral fields are marked with fine lines or scratches, mean RV(ant) values overlap (242 in H. ripa vs 229-253 in H. poranga) and number of lip annuli are inclusive (2 in H. ripa vs 2-3 H. poranga). Therefore, H. ripa is proposed herein as a junior synonym of H. poranga.
Juveniles with 4-8 cells in the ovarial primordium were regarded as third-stage juveniles. Fourth-stage juveniles were more developed with measurements fairly close to those of mature females. All measurements were made of the inner body cuticle and not of the loosely attached sheath.
MEASUREMENTS
See Tables 4, 5.
DESCRIPTION
Female
Body slightly arcuate ventrad. Cuticular sheath loosely fitting, attached only in labial and vulval area. Lateral field marked by anastomosis or breaks in striae, occasionally forming one line or two faint lines with lateral field forming a slight ridge visible in SEM photos but not with LM. Annuli ornamented with numerous fine lines and scratches. Lip region rounded, tapering slightly with two or three annuli. Lip patterns, as observed with 6 9 0 ± 32.1 (653-787) 423 ± 30.9 (384-454) 1046 ± 59.9 (952-1165) a 2 1 . 6 ± 1.7 (18.9-25.5) 21 ± 0.8 (19.9-21.5) 23.1 ± 1.9 (20.0-26.2) b 5 . 1 ± 0.2 (4.7-5.3) 3.9 ± 0.1 (3.8-4.0) 5.6 ± 0.3 (5.0-5.9) c 8 . 7 ± 0.8 (7.6-10.5) 15.2 ± 6 (10.8-19.3) 8.7 ± 0.7 (7.1-10.0) o 1 1 . 9 ± 1.3 (7.6-14.1)ryngeal gland not always clearly seen. Hemizonid not always visible but where seen it is ca three annuli long and situated 2-3 annuli anterior to excretory pore. Hemizonion not seen. Excretory pore situated from two annuli anterior to seven annuli posterior to base of pharynx. Annuli rounded. Spermatheca indistinct in most specimens, but where seen it is small, rounded to oblong, mostly empty but occasionally filled with rounded sperm cells. Anus distinct in all specimens. Vulval lips smooth under SEM, ca one annulus long and without vulval sheath. Post-vulval part of body narrowing gradually to a sharply pointed tip. 
Juvenile
Very similar to female in all aspects except with a much looser sheath.
Male
Not found. A34, B247, C4, D1, E2, F12, G23, H1, I123, J2, K4,  L34, M23, N2, O23, P1, Q3, R1, S3, T2, U34, V1, 
POLYTOMOUS KEY CODE
DESCRIPTION
Female
Body slightly arcuate ventrally. Cuticular sheath closely fitting except on tail terminus. Lateral field starting about five annuli posterior to lip region, then becoming four lines forming three bands. Under SEM, outer two bands more prominent with blocks coinciding with annuli; inner areolation appearing less distinct and also appearing slightly suppressed and ending a few annuli from tail tip. Occasionally, an anastomose was observed. Under SEM, body annuli appearing ornamented with irregular ridges and furrows, not forming regular patterns, continuing right up to and around terminus. Lip region, as observed with SEM, consisting of two lip annuli. First annulus broader and thicker than thin second annulus, giving impression of being divided into two annuli. Labial plate or first lip annulus with a distinctly elevated and oval labial (= oral) disc, dorsoventrally orientated and flanked by large, semi-circular and plugged amphidial openings. Lateral lip sectors fused with dorsal and ventral lip sectors. Labial framework moderately sclerotised. Stylet short, robust, straight. Stylet knobs sloping anteriorly, rounded posteriorly with a moderate cavity. Opening of dorsal pharyngeal gland seen in most specimens. Hemizonid not clearly seen. Excretory pore situated from opposite to six annuli posterior to base of pharynx. Annuli more flattened or indented opposite middle of body but more rounded at anterior and posterior end of body. Spermatheca, large, oblong and mostly filled with sperm cells. Anus distinct in all specimens. Vulval lips ca one annulus long and vulval sheath ca two annuli long. Postvulval part of body narrowing very gradually to a rounded terminus.
Third-and fourth-stage juveniles
Very similar to female in all characters except sheath much looser and in some specimens forming a slight fold posteriorly over body near tail tip.
Male
REMARKS
The present specimens match very well with those reported by Orton Williams (1978) from Malawi.
POLYTOMOUS KEY CODE
A1; B5; C3; D1; E1; F1; G3,4; H2; I2; J2; K2; L2; M1,2; N1; O2,3; P1; Q12; R12; S2; T1; U2; V-; W1; X1, Y-.
Hemicycliophora typica de Man, 1921
( Fig. 12) This species was described from a compost heap, Bergen op Zoom, The Netherlands, in 1921. Since then it has been found worldwide associated with numerous plants and habitats . From South Africa it has been described several times with detailed descriptions and morphometrics (Heyns, 1962; Loof & Heyns, 1969; Van den Berg, 1981; Van den Berg et al., 2010) . Subsequent reports of the South African populations only included morphometrics and SEM micrographs. For the present study, specimens were collected during November 2011 from the farm Vaarwaterkrans in the Cullinana area, Gauteng Province, South Africa. Since juveniles have never been properly described, information on the few found in this study is provided. SEM illustrations of females of this population are included.
MEASUREMENTS
See Table 4 .
DESCRIPTION
Female
SEM illustrations of this population agree with those reported in the literature for this species. Observed lateral field consisting of a plain band at mid-body. Outside lateral fields cuticle marked by numerous irregular longitudinal striae forming a network of distinct small blocks. Lip region consisting of two indistinct and appressed lip annuli. First annulus broader and thicker than thin second. First lip annulus with a distinctly elevated and oval labial (= oral) disc, dorsoventrally orientated and flanked by large, semi-circular and plugged amphidial openings. Tail tapering, spike-like.
Juvenile (? second-stage or J2)
These specimens regarded as J2 because there were only four cells in ovarial primordium. Very similar to female in all characters, except for being smaller, having a shorter stylet as well as some other measurements, although number of annuli did not differ significantly (see Table 5 ). Tail always appearing to have a long overlap of sheath posterior to anus.
POLYTOMOUS KEY CODE
A34; B4; C5; D1; E12; F1; G2; H1; I12; J3; K23; L23; M12; N1; O2; P1; Q12; R12; S3; T12; U23; V1; W1; X2, Y1. (Table 1) and are added to several original undefined species listed in the previous study by Subbotin et al. (2014) . These samples, designated as Hemicycliophora sp. 16 and sp. 17 from California, USA, and Hemicycliophora sp. 15 and sp. 18 from Canada, had too few adults for morphological/morphometric characterisation and determination of their taxonomic status. Thus, these populations were only molecularly characterised. Microphotographs of females of Hemicycliophora sp. 15, sp. 16 and sp. 17 are given in Figure 4 . Two additional unidentified species, Hemicycliophora sp. 19 and sp. 20, not included in Table 1 , were discriminated by using the results of phylogenetic analyses of sequences obtained by other authors as discussed in the following sections of the paper.
PHYLOGENETIC RELATIONSHIPS WITHIN Hemicycliophora AND MOLECULAR
CHARACTERISATION OF SOME SPECIES
The D2-D3 of 28S rRNA gene alignment included 114 sequences of Hemicycliophora and four outgroup species and was 685 bp in length. Thirteen new sequences were obtained for this study. Bayesian 50% majority rule consensus tree inferred from the analysis of the partial 28S rRNA gene sequence alignment is given in Figure 13 . The tree contained eight, mainly highly supported, major Clades: I, II, III, IV, Va, Vb, VI, VII as numbered by Subbotin et al. (2014) .
The ITS of rRNA gene alignment included 113 sequences of Hemicycliophora and three outgroup species and was 900 bp long. Four new sequences were obtained for this study. Bayesian 50% majority rule consensus tree inferred from the analysis is given in Figure 14 . The tree consists of eight major clades.
The COI mtDNA gene alignment included 81 sequences of Hemicycliophora and three outgroup species and was 725 bp long. Seventy-seven new sequences were obtained for this study. The BI tree inferred from the analysis of the COI gene sequence alignment is given in Figure 15 . Intraspecific sequence diversity (uncorrected pdistance) were up to: H. californica -1.1% (8 bp), H. gracilis -0.8% (6 bp), H. iberica Castillo, Gómez-Barcina & Loof, 1989 -6 .0% (44 bp), H. parvana -0.1% (1 bp), H. poranga -0.1% (1 bp), H. robbinsi sp. n. -0.4% (3 bp), H. thienemanni -5.5% (40 bp), Hemicycliophora sp. 12 -0.8% (6 bp), and Hemicycliophora sp. 15 -4.9% (36 bp). The sequences belonging to same morphospecies clustered together, with the exception of H. epicharoides and Hemicycliophora sp. 9. Intraspecific sequence diversity for H. epicharoides was 7.4% (54 bp) and Hemicycliophora sp. 9 reached 7.0% (47 bp).
CORRECTION OF PREVIOUSLY PUBLISHED SPECIES
IDENTIFICATIONS
The sequence and phylogenetic analyses allowed us to correct the identity of several Hemicycliophora species that were wrongly identified in GenBank. In our previous study we reported several cases and here we correct the species identification for several recently published sequences. Colbran, 1960, respectively , are similar to each other and most probably belong to one species named in our tree (Fig. 14) as Hemicycliophora sp. 20. The ITS sequences under the accession numbers: KJ934172-KJ934174 identified in GenBank as H. conida actually belong to H. parvana. The COI sequences of H. typica, H. macristhmus Loof, 1968 , H. thornei and Hemicycliophora sp., published by Powers et al. (2014) , should be considered as belonging to Hemicycliophora sp. 9, H. aquatica (Micoletzky, 1913) Loos, 1948 (= H. macristhmus) , Hemicycliophora sp. 15, and H. gracilis, respectively. The D2-D3 of 28S rRNA gene sequence of H. vaccinii Reed & Jenkins, 1963 (KF430522) , published by Subbotin et al. (2014) , should be considered as belonging to Mesocriconema sphaerocephalum (Taylor, 1936) Loof & De Grisse, 1989 . Hemicycliophora sp. 14 identified by Subbotin et al. (2014) belongs to H. vaccinii. Hemicycliophora sp. (KJ934169) reported by Zeng et al. (2015) is named here as Hemicycliophora sp. 19.
Discussion
After the new species descriptions and a revision of the taxonomic status of some species made in the present work, the total number of valid species of Hemicycliophora remains at 132. Presently, only 24 have been molec- Fig. 13 . Phylogenetic relationships within populations and species of Hemicycliophora as inferred from Bayesian analysis using the D2-D3 of 28S rRNA gene sequence data set under the GTR + G + I model. Posterior probabilities of over 70% are given for appropriate clades. Newly obtained sequences are indicated in bold. Clade numbers are given as in Subbotin et al. (2014) . 1 Identified as H. ripa by Subbotin et al. (2014) ; 2 identified as H. wyei by Subbotin et al. (2014) ; 3 identified as H. italiae by Subbotin et al. (2014) (synonym of H. minora according to ); 4 identified as Hemicycliophora sp. 4 by Subbotin et al. (2014) ; 5 identified as Hemicycliophora sp. 14 by Subbotin et al. (2014) ; 6 identified as H. vaccinii by Subbotin et al. (2014) .
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Fig. 14. Phylogenetic relationships within populations and species of Hemicycliophora as inferred from Bayesian analysis using the ITS rRNA gene sequence data set under the GTR + G + I model. Posterior probabilities of over 70% are given for appropriate clades. Newly obtained sequences are indicated in bold. Clade numbers are given as in Subbotin et al. (2014) . 1 Identified as H. ripa by Subbotin et al. (2014) ; 2 identified as H. wyei by Subbotin et al. (2014) ; 3 identified as H. wyei by Zeng et al. (2015) Subbotin et al. (2014) . Fig. 15 . Phylogenetic relationships within populations and species of Hemicycliophora as inferred from Bayesian analysis using the COI mtDNA gene sequence data set under the GTR + G + I model. Posterior probabilities of over 70% are given for appropriate clades. Newly obtained sequences are indicated in bold. Clade numbers are given as in Subbotin et al. (2014) . 1 Identified as H. typica by Powers et al. (2014) ; 2 identified as Hemicycliophora sp. by Powers et al. (2014) ; 3 identified as H. thornei by Powers et al. (2014) ; 4 identified as H. macristhmus by Powers et al. (2014) (synonym of H aquatica according to ). ularly characterised. Our molecular analysis of sequence datasets also revealed that at least 18 putative species (sp. 1-3, sp. 5-13 and sp. 15-20) still remain unidentified out of the 20 reported in the above sections. Hemicycliophora sp. 4 and sp. 14 were the only two species that regained valid taxonomic status as H. robbinsi sp. n. and H. vaccinii, respectively.
The present study confirmed a high species diversity for the genus and the wide distribution of some species. Hemicycliophora poranga and H. californica are found in South Africa and Canada, respectively, for the first time. Many samples still remain unidentified and accurate identification of those samples can be achieved by integrative taxonomy, including morphological and molecular analysis. It is imperative that reference sequences from nematode type material should be obtained and deposited in public databases to ensure reliable and correct diagnostics, which will include comparison of sample sequence with reference sequences. This need is particularly important for diagnostics of nematode genera where morphological criteria have failed because of large phenotypic plasticity, intraspecific variability in morphometrics, and minor interspecific differences. Hemicycliophora is one such genus where species identification is still problematic because of a lack of reliable reference sequence information .
In several publications, Powers et al. (2014 Powers et al. ( , 2016a showed the usefulness of COI mtDNA gene sequences for species delimiting, phylogeny and phylogeography of several criconematid nematodes and Hemicycliophora. In our present study, we provided COI sequences for 18 valid and 13 unidentified species of sheath nematodes and showed that this DNA marker is useful in the diagnostics of sheath nematodes. The partial COI gene was proposed as a barcode marker for the identification of many organisms. DNA barcoding cannot replace traditional methods of species description but can be used as an identification method in nematode groups whose genetic diversity has been well documented.
